The results of calculations of the charged particles energy, radial and time distributions at the maximum of electromagnetic showers initiated by electrons with energies from 5 to 1000
Introduction
In 1970 A.A.Tyapkin proposed to use a simple detector consisting of a lead convertor and a scintillation or Cherenkov counter behind it for e,γ energy measurements [1] . This idea was based on the Rossi approximation of the electromagnetic shower development [2] . As an optimal convertor thickness A.A.Tyapkin suggested to use the value t max corresponding to the maximum flux N max of the charged shower particles since t max weakly (logarithmically) depends on the energy E 0 of the initial e,γ and N max is almost proportional to E 0 . At present this type of detector is often referred to as shower maximum detector. Since 1970 a number of studies (see, for example, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] ) were performed to investigate shower maximum detectors characteristics like energy and space resolutions and e/hadron and γ/π 0 separations which strongly depend on N max fluctuations and space and energy distributions of the charged shower particles.
In our article [15] For example.·· the admixture of other particles at E 0 =200 GeV is 0.02% only [15] . Diameter of all converters studied is 70 cm.
Energy distributions
Differential energy distributions of the charged particles at t max are shown in Fig.1 . Their shapes weakly depend on the electron energy E 0 . The same conclusion follows from integrated distributions presented in Tables 1-3 Fig. 2 demonstrates the dependencies of the average particle energy <E> vs E 0 .
They are fitted to the formula (1) where f 1 and f 2 are free parameters (see Table 4 ). Table 4 .
The results for W and Pb almost coincide with each other. Table 4 . Values of f 1 and f 2 parameters in the formula (1), E 0 is in GeV. Fig.4 ). The following formula was used to fit the integral distributions shown in Fig.4 :
Radial distributions
where s and t are free parameters (see Table 8 ). Fig. 4 . Fraction of particles inside the ring of radius r for E 0 =200 GeV. The curves present the fit to eq. (2) for W and Pb (top) and Fe (bottom) with parameters shown in Table 8 . at t max for W converter and E 0 =200 GeV.
Conclusions
Calculations of the energy, radial and time distributions of the charge particles at the maximum of electromagnetic showers initiated by 5 to 1000 GeV electrons in Fe, W, and Pb are performed using GEANT4. It iss shown that the shapes of energy distributions and the average particle energy weakly depend on the incident particle energy and radial distributions for different materials become close to each other if radius is expressed in g/cm 2 . The radial and time distributions appeared to be narrow. For example, 200 GeV incident electron produces at t max in W about 5•10 2 particles within the radius r<1 mm. Their time spread is 0.8 ps and average energy is 82 MeV. Thus a high Z converter with thickness of t max placed in a high energy electron beam can be used as a source of short and intense bunches of ultarelativistic positrons and electrons with subpicosecond time spread.
